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AMENDMENTS TO THE CLAIMS 

Please cancel claims 3, 8, 15, 21, 26, 29, 34, 39, 43, 47, and 52, add claims 56- 
67, and amend the claims as follows: 

1. (Currently Amended) A method for forming a film ruthenium material on a 
substrate surface, comprising: 

positioning a substrate within a process chamber; 

exposing a ruthenium-containing compound to the substrate while forming a 
ruthenium-containing compound film thereon , wherein the ruthenium-containing 
compound is selected from the group consisting of bis(dialkylpentadienyl) ruthenium 
compounds, bis(alkylpentadienyl) ruthenium compounds, bis(pentadienyl) ruthenium 
compounds, and combinations thereof; 

purging the process chamber with a purge gas; 

exposing a reducing gas comprising ammonia and atomic hydrogen to the 
ruthenium-containing compound with a r o ductant to film on the substrate while forming 
a ruthenium layer there on th e substrate ; and 

purging the process chamber with the purge gas. 

2. (Previously Presented) The method of claim 1 , wherein the ruthenium-containing 
compound comprises at least one alkyl group selected from the group consisting of 
methyl, ethyl, propyl, butyl, and combinations thereof. 

3. (Cancelled) Th e m e thod of c l aim 2, whor o in th o at loast on o a l ky l group is 

jYl^jliyl 

4. (Currently Amended) The method of claim 2, wherein the ruthenium-containing 
compound is selected from the group consisting of bis(2,4-dimethylpentadienyl) 
ruthenium, bis(2,4-diethylpentadienyl) ruthenium, bis(2,4-diisopropylpentadienyl) 
ruthenium, bis(2,4-ditertbutylpentadienyl) ruthenium, bis(methylpentadienyl) ruthenium, 
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bis(ethylpentadienyl) ruthenium, bis(isopropylpentadienyl) ruthenium, 
bis(tertbutylpentadienyl) ruthenium, derivatives thereof, and combinations thereof. 

5. (Currently Amended) The method of claim [[4]] 1, wherein the r e ductant reducing 
gas further comprises on e or mor e r e ag e nts a carrier gas selected from the group 
consisting of oxyg e n, nitrous oxid o , n i tric oxid e , n i trogen diox i do nitrogen gas, argon , 
and combinations thereof. 

6. (Previously Presented) The method of claim 5, wherein the ruthenium layer is 
formed at a temperature within a range from about 200°C to about 400°C. 

7. (Currently Amended) The method of claim 6, wherein a thickness of the 
ruthenium layer is about 400 20 A and th o ruth e nium layer has a resistiv i ty of or less 
than 15 ufl cm . 

8. (Cancelled) The m e thod of c l a i m 6, wh o r o in the ruthenium lay e r has a shoot 
r e sistance of le ss than 2,000 fl/sq. 

9. (Currently Amended) The method of claim [[4]] 1, wherein the substrate surfac e 
further comprises a barrier layer selected from the group consisting of tantalum, 
tantalum nitride, tantalum silicon nitride, titanium, titanium nitride, titanium silicon nitride, 
tungsten, tungsten nitride, and combinations thereo f, and the ruthenium layer is 
deposited on the barrier layer . 

10. (Currently Amended) The method of claim [[4]] 1, wherein the substrate surfac e 
further comprises at least one low-k material selected from the group consisting of 
silicon dioxide, silicon nitride, silicon oxynitride, carbon-doped silicon oxides, StO^Gy 
silicon oxide carbide , and combinations thereo f, and the ruthenium layer is deposited on 
the low-k material . 
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1 1 . (Currently Amended) A method for forming a l ay e r comprising ruthenium material 
on a substrate surface within a process chamber, sequentially comprising: 

[[a)]] exposing a substrate to bis(2,4-dimethylpentadienyl) ruthenium to form a 
ruthenium-containing Jayef film on the substrate; 

[[b)]] purging the process chamber with a purge gas; 

c) reacting exposing a reducing gas with comprising ammonia to the ruthenium- 
containing layer film while forming a ruthenium layer thereon ; and 
[[d)]] purging the process chamber with the purge gas. 

12. (Currently Amended) The method of claim 11, wherein the r e ductant reducing 
gas further comprises on e or mor e r e ag e nts a carrier gas selected from the group 
consisting of oxyg e n, nitrous oxido, nitric oxid e , n i trogen dioxido nitrogen gas, argon , 
and combinations thereof. 

13. (Previously Presented) The method of claim 12, wherein the layer is formed at a 
temperature within a range from about 200°C to about 400°C. 

14. (Currently Amended) The method of claim 13, wherein a thickness of the 
ruthenium layer is about 400 20 A and tho ruth e nium layer has a r e s i st i vity of or less 
than 15 uQ cm . 

15. (Cancelled) Th e m e thod of claim 13, wher e in the ruth e n i um l ay o r has a sho o t 
r e s i stance of l e ss than 2,000 fl/sq. 

16. (Currently Amended) The method of claim 12, wherein the substrate further 
comprises a barrier layer comprising a material selected from the group consisting of 
tantalum, tantalum nitride, tantalum silicon nitride, titanium, titanium nitride, titanium 
silicon nitride, tungsten, tungsten nitride, and combinations thereo f, and the ruthenium 
layer is deposited on the barrier layer . 
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17. (Currently Amended) The method of claim 12, wherein the substrate further 
comprises at least one low-k material selected from the group consisting of silicon 
dioxide, silicon nitride, silicon oxynitride, carbon-doped silicon oxides, SiO^Gy silicon 
oxide carbide , and combinations thereo f, and the ruthenium layer is deposited on the 
low-k material . 

18. (Cancelled) 

19. (Currently Amended) A method for forming a ruthenium material on a substrate, 
comprising: 

depositing a barrier layer on a substrate during a first ALD process, wherein the 
barrier layer comprises a material selected from the group consisting of tantalum, 
tantalum nitride, tantalum silicon nitride, titanium, titanium nitride, titanium silicon nitride, 
tungsten, tungsten nitride, and combinations thereof; and 

exposing the substrate sequentially to a ruthenium-containing compound and a 
reducing gas comprising ammonia to form a ruthenium layer on the barrier layer during 
a second ALD process, wherein the ruthenium-containing compound is selected from 
the group consisting of bis(dialkylpentadienyl) ruthenium compounds, 
bis(alkylpentadienyl) ruthenium compounds, bis(pentadienyl) ruthenium compounds, 
and combinations thereof. 

20. (Previously Presented) The method of claim 19, wherein the ruthenium- 
containing compound comprises at least one alkyl group selected from the group 
consisting of methyl, ethyl, propyl, butyl, and combinations thereof. 

21. (Cancelled) The method of c l a i m 20, wh e r e in th e at l east on e alky l group i s 

22. (Currently Amended) The method of claim [[19]] 20, wherein the ruthenium- 
containing compound is selected from the group consisting of bis(2,4- 
dimethylpentadienyl) ruthenium, bis(2,4-diethylpentadienyl) ruthenium, bis(2,4- 
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diisopropylpentadienyl) ruthenium, bis(2,4-ditertbutylpentadienyl) ruthenium, 
bis(methylpentadienyl) ruthenium, bis(ethylpentadienyl) ruthenium, 

bis(isopropylpentadienyl) ruthenium, bis(tertbutylpentadienyl) ruthenium, derivatives 
thereof, and combinations thereof. 

23. (Currently Amended) The method of claim 19, wherein the r e ductant reducing 
gas further comprises on e or mor e r e agents a carrier gas selected from the group 
consisting of oxyg e n, nitrous oxide, n i tric oxide, n i trogen diox i d o nitrogen gas, argon , 
and combinations thereof. 

24. (Previously Presented) The method of claim 23, wherein the ruthenium layer is 
formed at a temperature within a range from about 200°C to about 400°C. 

25. (Currently Amended) The method of claim 24, wherein a thickness of the 
ruthenium layer is about 400 20 A and th e ruth e nium lay e r has a r e sistiv i ty of or less 
than 15 uQ cm . 

26. (Cancelled) Th e m e thod of claim 24, wh o r e in the ruth e n i um l ayer has a sh oo t 
r e s i stanc e of le ss than 2,000 fl/sq. 

27. (Currently Amended) A method for forming a ruthenium film on a dielectric 
material disposed on a substrate surface , comprising: 

positioning the a substrate comprising a dielectric layer thereon within a process 
chamber; 

exposing a ruthenium-containing compound to the dielectric mat e r i a l layer while 
forming a ruthenium-containing compound film thereon , wherein the ruthenium- 
containing compound is selected from the group consisting of bis(dialkylpentadienyl) 
ruthenium compounds, bis(alkylpentadienyl) ruthenium compounds, bis(pentadienyl) 
ruthenium compounds, and combinations thereof; 

purging the process chamber with a purge gas; 
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exposing a reducing gas comprising ammonia to the ruthenium-containing 
compound w i th a r e ductant to film on the dielectric layer while form ing a the ruthenium 
layer there on th e di el ectr i c mater i al ; and 

purging the process chamber with the purge gas. 

28. (Previously Presented) The method of claim 27, wherein the ruthenium- 
containing compound comprises at least one alkyl group selected from the group 
consisting of methyl, ethyl, propyl, butyl, and combinations thereof. 

29. (Cancelled) T h e m e thod of c l a i m 28, wheroin th e at le ast one a l ky l group i s 

30. (Currently Amended) The method of claim 28, wherein the ruthenium-containing 
compound is selected from the group consisting of bis(2,4-dimethylpentadienyl) 
ruthenium, bis(2,4-diethylpentadienyl) ruthenium, bis(2,4-diisopropylpentadienyl) 
ruthenium, bis(2,4-ditertbutylpentadienyl) ruthenium, bis(methylpentadienyl) ruthenium, 
bis(ethylpentadienyl) ruthenium, bis(isopropylpentadienyl) ruthenium, 
bis(tertbutylpentadienyl) ruthenium, derivatives thereof, and combinations thereof. 

31. (Currently Amended) The method of claim 27, wherein the r e ductant reducing 
gas further comprises on e or mor o r o ag o ntc a carrier gas selected from the group 
consisting of oxyg e n, nitrous oxido, nitric oxide, nitrogen dioxido nitrogen gas, argon , 
and combinations thereof. 

32. (Previously Presented) The method of claim 31, wherein the ruthenium layer is 
formed at a temperature within a range from about 200°C to about 400°C. 

33. (Currently Amended) The method of claim 32, wherein a thickness of the 
ruthenium layer is about 4GQ 20 A and th e ruth e n i um lay e r has a r e s i st i vity of or less 
than 15 uQ cm . 
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34. (Cancelled) The m e thod of c l aim 32, wh e r ei n the ruth e n i um l ayer has a shoot 
r e sistanc e of l ess than 2,000 Q/sq. 

35. (Currently Amended) The method of claim [[30]] 27, wherein the dielectric 
mat e rial layer comprises at least one low-k material selected from the group consisting 
of silicon dioxide, silicon nitride, silicon oxynitride, carbon-doped silicon oxides, StO^Gy 
silicon oxide carbide , and combinations thereof. 

36. (Currently Amended) A method for forming a ruthenium layer- material on a 
substrate surface, comprising: 

positioning a substrate within a process chamber; 

exposing the substrate to a ruthenium-containing compound comprising 
ruthenium and at least one open chain dienyl ligand [[;]] while forming a ruthenium- 
containing compound film there on the substrat e; 

purging the process chamber with a purge gas; 

r e ducing exposing the ruthenium-containing compound film w i th a roductant to a 
reducing gas comprising at l east on e r e ag e nt s ele cted from th e group consisting of 
oxyg e n, nitrous oxide, nitric ox i d e , nitrogen dioxid e , and combinations th e reof ammonia 
and hydrogen gas while forming a ruthenium layer on the substrate ; and 

purging the process chamber with the purge gas. 

37. (Original) The method of claim 36, wherein the ruthenium-containing compound 
is selected from the group consisting of bis(dialkylpentadienyl) ruthenium compounds, 
bis(alkylpentadienyl) ruthenium compounds, bis(pentadienyl) ruthenium compounds, 
and combinations thereof. 

38. (Previously Presented) The method of claim 37, wherein the ruthenium- 
containing compound comprises at least one alkyl group selected from the group 
consisting of methyl, ethyl, propyl, butyl, and combinations thereof. 
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39. (Cancelled) Th e msthod of c l a i m 38, wher e in the at le ast on e a l kyl group i s 

40. (Currently Amended) The method of claim [[36]] 38, wherein the ruthenium- 
containing compound is selected from the group consisting of bis(2,4- 
dimethylpentadienyl) ruthenium, bis(2,4-diethylpentadienyl) ruthenium, bis(2,4- 
diisopropylpentadienyl) ruthenium, bis(2,4-ditertbutylpentadienyl) ruthenium, 
bis(methylpentadienyl) ruthenium, bis(ethylpentadienyl) ruthenium, 
bis(isopropylpentadienyl) ruthenium, bis(tertbutylpentadienyl) ruthenium, derivatives 
thereof, and combinations thereof. 

41. (Previously Presented) The method of claim [[40]] 36, wherein the ruthenium 
layer is formed at a temperature within a range from about 200°C to about 400°C. 

42. (Currently Amended) The method of claim 41, wherein a thickness of the 
ruthenium layer is about 4£0 20 A and th e ruth e nium l ayer has a resistiv i ty of or less 
than 15 uQ cm . 

43. (Cancelled) Th e m e thod of c l aim - 11, wh e r ei n th o ruth e n i um l ay e r has a sh ee t 
resistanc e of le ss than 2,000 fl/sq. 

44. (Currently Amended) A method for forming a ruthenium Jayef material on a low-k 
material disposed on a substrate surface , comprising: 

positioning a substrate contain i ng th e comprising a low-k mat e r i a l layer disposed 
thereon within a process chamber; 

ma i ntain i ng heating the substrate [[at]] to a temperature within a range from 
about 200°C to about 400°C; 

exposing the low-k mat e ria l layer to a ruthenium-containing compound 
comprising ruthenium and at least one open chain dienyl ligand [[;]] while forming a 
ruthenium-containing compound film there on th e l ow k mat e rial ; 

purging the process chamber with a purge gas; 
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r e duc i ng exposing the ruthenium-containing compound film w i th a reductant to a 
reducing gas comprising an oxygen containing gas ammonia while forming a ruthenium 
layer on the low-k layer ; and 

purging the process chamber with the purge gas. 

45. (Previously Presented) The method of claim 44, wherein the temperature is 
within a range from about 300°C to about 350°C. 

46. (Currently Amended) The method of claim 45, wherein a thickness of the 
ruthenium layer is about 400 20 A and th e ruth e n i um lay e r has a r e s i st i vity of or less 
than 15 uQ cm . 

47. (Cancelled) Th e m e thod of c l a i m 45, wher e in th e ruth e nium l ay e r has a sh ee t 
r e s i stanc e of le ss than 2,000 Q/sq. 

48. (Currently Amended) The method of claim 44, wherein the low-k mater i a l layer 
comprises at least one material selected from the group consisting of silicon dioxide, 
silicon nitride, silicon oxynitride, carbon-doped silicon oxides, SiCvGy silicon oxide 
carbide , and combinations thereof. 

49. (Currently Amended) The method of claim [[48]] 44, wherein the oxyg e n 
conta i ning reducing gas further comprises at le ast on e r e ag e nt s el ect e d from tho group 
cons i sting of oxyg e n, nitrous ox i d o , n i tric oxid e , n i trogen diox i d e , and comb i nations 
thereof hydrogen gas and nitrogen gas . 

50. (Currently Amended) The method of claim [[49]] 44, wherein the ruthenium- 
containing compound is selected from the group consisting of bis(dialkylpentadienyl) 
ruthenium compounds, bis(alkylpentadienyl) ruthenium compounds, bis(pentadienyl) 
ruthenium compounds, and combinations thereof. 
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51. (Previously Presented) The method of claim 50, wherein the ruthenium- 
containing compound comprises at least one alkyl group selected from the group 
consisting of methyl, ethyl, propyl, butyl, and combinations thereof. 

52. (Cancelled) Th e method of c l a i m 51, wh e rein th o at l o ast ono alky l group is 

pp|0^fiy| 

53. (Currently Amended) The method of claim [[48]] 5J_, wherein the ruthenium- 
containing compound is selected from the group consisting of bis(2,4- 
dimethylpentadienyl) ruthenium, bis(2,4-diethylpentadienyl) ruthenium, bis(2,4- 
diisopropylpentadienyl) ruthenium, bis(2,4-ditertbutylpentadienyl) ruthenium, 
bis(methylpentadienyl) ruthenium, bis(ethylpentadienyl) ruthenium, 
bis(isopropylpentadienyl) ruthenium, bis(tertbutylpentadienyl) ruthenium, derivatives 
thereof, and combinations thereof. 

54. (Currently Amended) A method for forming a ruthenium material [[-]] contain i ng 
Jayef on a low-k material disposed on a substrate surface , comprising: 

positioning a substrate conta i n i ng th o comprising a low-k mat e rial layer disposed 
thereon within a process chamber; 

ma i ntain i ng heating the substrate [[at]] to a temperature within a range from 
about 200°C to about 400°C; 

exposing the low-k mat e r i al layer to bis(2,4-dimethylpentadienyl) ruthenium to 
form a ruthenium-containing compound film thereon ; 

purging the process chamber with a purge gas; 

r e duc i ng exposing the ruthenium-containing compound film with to a reducing 
gas comprising oxyg e n ammonia and atomic hydrogen while forming a ruthenium layer 
on the low-k layer ; and 

purging the process chamber with the purge gas. 
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55. (Currently Amended) A method for forming a ruthenium material [[-]] contain i ng 
layer on a copp e r [[-]] barrier material layer disposed on a substrate surface , 
comprising: 

positioning a substrate conta i n i ng comprising a tantalum-containing barrier layer 
disposed thereon mat e r i a l within a process chamber; 

maintaining heating the substrate [[at]] to a temperature within a range from 
about 200°C to about 400°C; 

exposing the tantalum-containing mat e rial barrier layer to bis(2,4- 
dimethylpentadienyl) ruthenium [[to]] while forming a ruthenium-containing compound 
film thereon : 

purging the process chamber with a purge gas; 

r e ducing exposing the ruthenium-containing compound film with to a reducing 
gas comprising oxygen ammonia and atomic hydrogen while forming a ruthenium layer 
on the tantalum-containing barrier layer ; and 

purging the process chamber with the purge gas. 

56. (New) The method of claim 5, wherein the reducing gas further comprises 
nitrogen gas. 

57. (New) The method of claim 56, wherein the ruthenium-containing compound 
comprises bis(2,4-dimethylpentadienyl) ruthenium. 

58. (New) The method of claim 12, wherein the reducing gas further comprises 
hydrogen gas. 

59. (New) The method of claim 58, wherein the reducing gas further comprises 
atomic-hydrogen. 

60. (New) The method of claim 23, wherein the reducing gas further comprises 
hydrogen gas. 
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61. (New) The method of claim 60, wherein the reducing gas further comprises 
atomic-hydrogen. 

62. (New) The method of claim 31, wherein the reducing gas further comprises 
hydrogen gas. 

63. (New) The method of claim 62, wherein the reducing gas further comprises 
atomic-hydrogen. 

64. (New) The method of claim 36, wherein the reducing gas further comprises 
nitrogen gas. 

65. (New) The method of claim 64, wherein the reducing gas further comprises 
atomic-hydrogen. 

66. (New) The method of claim 49, wherein the reducing gas further comprises 
atomic-hydrogen. 

67. (New) The method of claim 54, wherein the reducing gas further comprises 
nitrogen gas. 
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